NEC

NEC Electronics Inc.

uPD765A /7265
SINGLE/DOUBLE DENSITY
FLOPPY DISK CONTROLLERS

Description

The uPD765A is an LS| floppy disk controller (FDC) chip
which contains the circuitry and control functions for
interfacing a processor to 4 floppy disk drives. It is capa-
bie of either IBM 3740 single density format {FM), or IBM
System 34 double density format (MFM) including
double-sided recording. The uPD765A provides control
signals which simplify the design of an external phase-
locked loop and write precompensation circuitry. The
FDC simplifies and handles most of the burdens asso-
ciated with implementing a floppy disk interface.

The uPD7265 is an addition to the FDC family that has
been designed specifically for the Sony Micro Floppy-
disk® drive. The uPD7265 is pin-compatible and electri-
cally equivalent to the 765A but utilizes the Sony
recording format. The uPD7265 can read a diskette that
has been formatted by the uPD765A.

Each of these devices is also available in a -2 version.
The -2 versions represent a reduction from 4-micron to
3-micron design rule. Functionality is the same. Minor
differences between the two versions are detailed in the
AC Characteristics table. The -2 versions are only avail-
able in the plastic package at this time.

Hand-shaking signals are provided in the uPD765A/
#PD7265 which make DMA operation easy to incorpo-
rate with the aid of an external DMA controller chip,
such as the uPD8257. The FDC will operate in either the
DMA or non-DMA mode. In the non-DMA mode the FDC
generates interrupts to the processor every time a data
byte is to be transferred. In the DMA mode, the proces-
sor need only load the command into the FDC and all
data transfers occur under control of the FDC and DMA
controllers.

There are 15 commands which the xPD765A/uPD7265
will execute. Each of these commands requires multiple
8-bit bytes to fully specify the operation which the proc-
essor wishes the FDC to perform. The following com-
mands are available:

Read Data Read Deleted Data
Read ID Write Data

Specify Format Track

Read Track Write Deleted Data
Scan Equal Seek

Scan High or Equal Recalibrate

Sense Interrupt Status
Sense Drive Status.

Scan Low or Equal

Features
Address mark detection circuitry is internal to the FDC
which simplifies the phase-locked loop and read elec-
tronics. The track stepping rate, head load time, and
head unload time are user-programmable. The
uPD765A/.PD7265 offers additional features such as
multi-track and multi-side read and write commands
and single and double density capabilities.
0 Sony(EMCA)-compatible recording format
(uPD7265)
t IBM-compatible format (single and double
density) (uPD765A)
O Multi-sector and multi-track transfer capability
Drive Up to 4 floppy or micro floppydisk drives
[0 Data scan capability — will scan a single sector or
an entire cylinder comparing byte-for-byte host
memory and disk data
O Data transfers in DMA or non-DMA mode
LJ Parallel seek operations on up to four drives

J Compatible with .PD8080/85, xPD8086/88 and
uPD780 (Z80®) microprocessors

0O Single-phase clock (8 MHz)
O +5Vonly

O

® Z80 is a registered trademark of the Zilog Corporation.

Pin Configuration
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Ordering Information

Pin Functions

RESET (Reset)

The RESET input places the FDC in the idle state. It re-
sets the output lines to the FDD to O (low). It does not
affect SRT, HUT, or HLT in the Specify command. If the
RDY input is held high during reset, the FDC will gener-
ate an interrupt within 1.024 ms. To clear this interrupt,
use the Sense Interrupt Status command.

RD (Read Strobe)

The RD input allows the transfer of data from the FDC to
the data bus when low. Disabled when CS is high.

WR (Write Strobe)

The WR input allows the transfer of data to the FDC
from the data bus when low. Disabled when CS is high.
Ag (Data/Status Select)

The Ap input selects the data register (Ag=1) or status
register (Ag = 0) contents to be sent to the data bus.

CS (Chip Select)

The FDC is selected when CS is low, enabling RD, WR,
DBo-DB7 (Data Bus)

DBg-DBy are a bidirectional 8-bit data bus. Disabled
when CS is high.

DRQ (DMA Request)

The FDC asserts the DRQ output high to request a DMA

DACK (DMA Acknowledge)

When the DACK input is low, a DMA cycle is active and
the controller is performing a DMA transfer.

Part Max Freg.
Number Package Type of Dperation
1#PD765AC, uPD765AC-2 40-pin plastic DIP 8 MHz
1#PD7265C, uPD7265C-2 40-pin plastic DIP 8 MHz
Pin Identification
No. Symbol Function
1 RESET Reset input
2 RD Read control input
3 ‘WR Write control input
4 cS Chip select input
5 Ag Data or status select input
6-13 DBp-DB7 Bidirectional data bus
14 DRQ DMA request output
15 DACK DMA acknowledge input
16 TC Terminal count input
17 1DX index input
18 INT Interrupt request output
19 CLK Clock input
20 GND Ground
21 WCK Write clock input
22 ROW Read data window input
23 RDD Read data input and Ao.
24 VCO VCO sync output
25 WE Write enable output
26 MFM MFWM output
27 HD Head select output
28,29 USg. US4 FDD unit select output
30 WDA Write data output
31,32 P8y, PS4 Preshift output transfer.
33 FLT/ TRqg Fault / track zero input
34 WP/TS Write protect / two side
input
35 RDY Ready input
36 HDL Head load output
37 FR/STP Fault reset / step output
38 LCT/DIR Low current direction
output
39 RW / SEEK Read / write / seek output
40 Vee DC power
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TC (Terminal Count)

When the TC input is high, it indicates the termination of
a DMA transfer. It terminates data transfer during Read/
Write/Scan commands in DMA or interrupt mode.

IDX {Index)
The IDX input goes high at the beginning of a disk track.

INT {Interrupt)
The INT output is FDC’s interrupt request.

CLK (Clock)

CLK is the input for the FDC's single-phase, 8 MHz
squarewave clock.

WCK (Write Clock)

The WCK input sets the data write rate to the FDD. It is
500 kHz for FM, 1 MHz for MFM drives, with a 250 ns
pulse for both FM and MFM.

RDW (Read Data Window)

The RDW input is generated by the phase-locked loop
(PLL). It is used to sample data from the FDD.

RDD (Read Data)

The RDD input is the read data from the FDD, containing
clock and data bits.

WDA (Write Data)
WDA is the serial clock and data output to the FDD.

WE (Write Enable)
The WE output enables write data into the FDD.

VCO (VCO Sync)

The VCO output inhibits the VCO in the PLL when low,
enables it when high.

MFM (MFM Mode)

The MFM output shows the FDD’s mode. it is high for
MFM, low for FM.

HD (Head Select)

Head 1is selected when the HD output is 1(high), head 0
is selected when HD is O {low).

USgp, US4 (Unit Select 0,1)

The USg and USq outputs select the floppy disk drive
unit.

PSg, PSq (Preshift 0, 1)

The PSg and PS1outputs are the write precompensation
status for MFM mode. They determine early, late, and
normal times.

RDY (Ready)

The RDY input indicates that the FDD is ready to receive
data.

HDL (Head Load)

The HDL output is the command which causes the
read/write head in the FDD to contact the diskette.
FLT/TRO (Fault/Track 0)

In the read/write mode, the FLT input detects FDD fault
conditions. In the seek mode, TRO detects track 0.
WP/TS (Write Protect/Two Side)

In the read/write mode, the WP input senses write pro-
tected status. In the seek mode, TS senses two-sided
media.

FR/STP (Fault Reset/Step)

In the read/write mode, the FR output resets the fault
flip-flop in the FDD. In the seek mode, STP outputs step
pulses to move the head to another cylinder. A fault re-
set pulse (FR) is issued at the beginning or each Read or
Write command prior to the HDL signal.

LCT/DIR (Low Current/Direction)

In the read/write mode, the LCT output lowers the write
current on the inner tracks. In the seek mode, the DIR
output determines the direction the head will move in
when it receives a step pulse.

RW/SEEK (Read/Write/Seek)

The RW/SEEK output specifies the read/write mode
when low, and the seek mode when high.

GND (Ground)
Ground.

Vee (+5V)
+5V power supply.
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Block Diagram

DC Characteristics
Ta= —10°C to +70°C, Vo = +5V +5% (uPD765A/7265A) and Vcg
= 45V +10% (uPD765A-2/7265A-2)

Limits

-_— Test
Parameter Symbol Min Typ Max Unit Conditions
080y @%ﬂ?'@ (| Rogiuters Input voltage V) -05 +0.8 V
low
Input voltage ViH 2.0 Veg+0.5 V
le—— WR Clock high
|— WR Data
Terminal [ WREnable Output voltage VoL 045 V lpL=2.0mA
Count Serlal |-——= Presnifto
L[k e e low
DRQ [«— RDData Output voltage  Von 24 Vee V. lpgy=—200uA
BACK — Read Data Window high
INT  =— Read/ VCO Sync
AW o Dua Ko Input voltage  Vyi(®) —0.5 065 V
WR —9 Gomtrat -— Resdy low (CLK +WR
A — input |+ Write Protect/ lock
C—_— nput Two Side clock)
[—— index
Reset e Fauit/Track 0 Lr?prl:t voltage Vi(®) 2.4 Veg+0.5 V
ig
&s ———T Cj |+ Unit Select 0 (CLK +WR
P o | oo
n r —
oK — c——_a " | Fwiseek Supply current  Igg 150  mA
Voo  —— |— Head Load (Vee)
GND —— = Hoad Select Input load ILiH 10 wh Vin=Veeo
" " Direction current high
— Fault P
“ input load L 0 A V=0V
current low
Output leakage I gH 10 WA Voyr=Vee
Absolute Maximum Ratings current high
Ta=25°C Output leakage I o -10 pA Voyr=+0.45V
Power supply valtage, Vg -0.5t0 +7V current low
Input voltage, V, -0.5t0 +7V
Output voltage, Vo —0.5t0 +7V Capacitance
- O - p—
Operating temperature, Topr —~10°C to +70°C Ta=25°C, fg =1MHz Voo =0V
Storage temperature, Tstg —40°C to +125°C __ Limits ) Tost
Power dissipation. P vy Parameter Symbol Min Typ Max Unit Conditions
pauan. D_ - - Input clock Cin(®) 20 pF {Note 1)
Comment: Exposing the device to stresses above those listed capacitance
in the Absolute Maximum Ratings could cause permanent Inout c 0 F Note 1
damage. The device should not be operated under conditions nput. N p (Note 1)
outside the limits described in the operational sections of this capacitance
specification. Exposure to absolute maximum rating condi- Output Cout 20 pF (Note 1)
tions for extended periods may affect device reliability. capacitance
Note:

6-6

{1) All pins except pin under test tied to AC ground
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AC Characteristics
Ta=—10°C 1o +70°C, Vo = +5 V £5% (uPD765A/7265A) and Vo = +5V £10% (uPD765A-2/7265A-2)

Limits
7654, 7265 765A-2, 7265-2 Tost
Parameter Symbol Min Typ{l) Max Min Typ{l) Max Unit Conditions
Clock period dey 120 125 500 120 125 500 ns (Note 4)
125 125 ns 8” FOD
250 250 ns 54" FDD
125 125 ns 31/2" Sony (3)
Clock active (high, low) dg 40 40 ns
Clock rise time [N 20 20 ns
Clock fall time (-] 20 20 ns
Ag, CS, DACK setup time to RD4 AR 0 0 ns
Ag. CS, DACK hold time from RD* tha 0 0 ns
RD width tRR 250 200 ns
Data access time from RD¥ tRD 200 140 ns C_=100pF
DB to flaat delay time from RD toF 20 100 10 85 ns CL=100pF
Ag, CS. DACK setup time to WR{ taw 0 0 ns
Ag. CS. DACK hold time to WRt twa 0 0 ns
‘WR width tww 250 200 ns
Data setup time to WR* ow 150 100 ns
Data hotd time from WR* two 5 0 ns
INT delay time from RD4 tRi 500 400 ns
INT delay time from WR* twi 500 400 ns
DRQ cycle time tmoy 13 13 us ®ey=125ns (4)
DACK ¢ — DRQ/ detay tam 200 140 ns
DRQt — DACK delay tMA 200 200 ns dey=125ns (4)
DACK width taa 2 2 gy
TC width ¢ 1 1 by
Reset width tRsT 14 14 Ggy
WCK cycle time toy 4 16 by MFM =0, 51/4”
2 8 doy MFM =1, 51/4"
2 8 ey MFM =0, 8"
1 4 ®ey MFM=1, 8"
2 8 ey MFM =0, 31/2" (3)
1 4 ey MFM =1, 31/2"(3)
WCK active time (high) to 2 2 by
CLKt— WCK* delay towH 0 40 0 40 ns
CLKt — WCK 1 delay towl 0 40 0 40 ns
WCK rise time te 20 20 ns
WCK fall time t 20 20 ns
Preshift delay time from WCK top 20 100 20 100 ns
WCK 1 —= WE* delay towE 20 100 20 100 ns
WDA delay time from WCK* tco 20 100 20 100 ns
RDD active time (high) trRDD 40 40 ns
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AC Characteristics (cont)
Tp =—10°C to +70°C, Voo = +5 V +5% (uPD765A/7265A) and Vg = +5V £10% (uPD765A-2/7265A-2)

Limits
765A, 7265 765A-2, 7265-2 Tost

Parameter Symbol Min Typ(1) Max Min Typ{1) Max Unit Conditions
Window cycle time twey 4 4 us MFM =0, 51/a"

2 2 us MFM =1, 51/4”

2 2 us MFM=0, 8"

1 1 us MFM =1, 8"

2 2 us MFM =0, 31/2” (3)

1 1 us MFM =1, 31/2"(3)
Window hold time to RDD tRow 15 15 ns
Windaw hold time from RDD tWRD 15 15 ns
USg, 1 hald time to RW/ seekt tus 12 12 us 8 MHz clock period(4)
RW / seek hold time 1o low isp 7 7 us 8 MHz clock period(4)
current / directiont
Low current/ direction hold time to tosT 1.0 1.0 HS 8 MHz clock period(4)
fault reset / step?
USp, 1 hold time from fault reset/ sty 5.0 5.0 us 8 MHz clack period(4)
step 1
Step active time (high) tsTp 6 7 8 6 7 8 us (Note 4)
Step cycle time tse 33 (Note 2)  {Note 2) 33 (Note 2) (Note 2) us (Note 4)
Fault reset active time (high} teR 8.0 10 8.0 10 us (Note 4)
Write data width twop 1p-50 1p-50 ns
USg, 1 hold time after seek tsy 15 15 us 8 MHz clock period(4)
Seek hold time from DIR tys 30 30 us 8 MHz clock period(4)
DIR hold time after step tsTD 24 24 us 8 MHz clock period(4)
Index pulse width tiox 4 4 dey
RD+ defay from DRQ MR 800 800 ns 8 MHz clock period(4)
‘WR{ delay from DRQ tMw 250 250 ns 8 MHz clock period(4)
WE or RD response time from DRG ¢ tMRW 12 12 us B MHz clock period{4}
Note:

(1) Typical values for Ty = 25°C and nominal supply voltage.

(2) Under software control. The range is from 1ms to 16 ms at 8MHz clock period, and 2ms to 32ms at 4 MHz clock period.
(3) Sony Micro Floppydisk 3127 drive.

(4) Double these values for a 4 MHz clock period.

Timing Waveforms
Processor Read Operation Processor Write Operation

e — — —— l

A, €S, DACK )i X A,, CS, DACK — X
—" tar "— taa taw “‘ twa
tro — tor r'_tnw |-— two
Data ——— ——— _——— Data )|
f—tgy ta—tw
INT : INT
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Timing Waveforms (cont)
Clock FLT Reset
CLK | N
m o Fauit Reset = ﬂ—\— .
R <—¢F¢ Flle Unsafe Reset ton L_ tiox| ox |
DMA Operation
FDD Read Operation
DRQ _j
tmey 1 Read Data a
DACK ™ty taa taoo  (=twro™| <—’| trow
<—‘umy—>| Read Data Window X
WRor RD — le—twer
== tuw (WR) %l Note: Either polarity data window s valid.
—| tug(RD)

FDD Write Operation

t
Write look I o
te |ettoy
)
Write Enable \

lCV‘E

— fe—tcp
Preshift 0 or 1 X f X X

tep—mi fo— twoo
Write Data 7\ bl
— ] teo

Terminal Count
TC
[<+—— t1C
83-002828A
Reset
Reset
— +—— tRsT
83-002829A
Write Clock

Preshift 0 Preshift 1
Normai ] 0
Late 0 1
Early 1 [}
Invalid 1 1
Seek Operation

us,, ~ X Stable

—l fhs 1 t—tsu
RW/Seek
tsp [4-— tos—>|

Direction X

tosT—= e ™lstu
Step tsto N
1
tsyp—a
et

I
S I e
——ltcw“ '— —*F'cwn.’ﬁ

83-002827A
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Iinternal Registers

The uPD765A/uPD7265 contains two registers which
may be accessed by the main system processor: a sta-
tus register and a data register. The 8-bit main status
register contains the status information of the FDC, and
may be accessed at any time. The 8-bit data register
(which actually consists of four registers, ST0-ST3, in a
stack with only one register presented to the data bus at
a time), stores data, commands, parameters, and FDD
status information. Data bytes are read out of, or written
into, the data register in order to program or obtain the
results after a particular command (table 3). Only the
status register may be read and used to facilitate the
transfer of data between the processor and uPD765A/
uPD72865.

The relationship between the status/data registers and
the signals RD, WR, and Ag is shown in table 1.

Table 1. Status/Data Register Addressing

Table 2. Main Status Register (cont)

Pin

No. Name Function

DBg DIo Indicates direction of data transfer be-
(Data Input / Output) tween FDC and data register. If DIG=1,
then transfer is from data register ta the
pracessor. [f D10 =0, then transter is from
the processor to data register.

DB; RQOM Indicates data register is ready to send or
(Request for Master) receive data to or from the processor. Both

bits DIO and RQM should be used to per-

form the hand-shaking functions of

“ready” and "'direction’ to the processor.

Ag RD WR Function
0 0 1 Read main status register
0 1 0 lllegal
0 0 0 Iflegal
1 0 0 lllegal
1 0 1 Read from data register
1 1 0 Write into data register

The bits in the main status register are defined in
table 2.

Table 2. Main Status Register

Pin
No. Name Function
DBg DgB FDD number 0 is in the seek mode. If any
(FDD 0 Busy) of the DB bits is set FDC will not accept
read or write command.
DB4 DB FDD number 1is in the seek mode. If any of
(FDD 1Busy) the DB bits is set FDC will not accept read
or write command.
DBy DB FDD number 2 is in the seek mode. If any
(FDD 2 Busy) of the DB bits is set FDC will not accept
read or write command.
DB3 D38 FDD number 3 is in the seek mode. If any
(FDD 3 Busy) of the DB bits is set FDC will not accept
read or write command.
DBq CB A Read or Write command is in process.
(FDC Busy) FDC will not accept any other command.
DBg EXM This bit is set only during execution phase
(Execution Mode) in non-DMA mode. When DBg goes low,
execution phase has ended and result
phase has started. It operates only during
non-DMA mode of operation.
6-10

The DIO and RQM bits in the status register indicate
when data is ready and in which direction data will be
transferred on the data bus. The maximum time be-
tween the last RD or WR during a command or resuit
phase and DIO and RQM getting set orreset is 12 us. For
this reason every time the main status register is read
the CPU should wait 12 us. The maximum time from the
trailing edge of the last RD in the result phase to when
DB4 (FDC busy) goes low is 12us. See figure 1.

Figure1. DIO and RQM

Out FDC and Into Processor

Out Processor and into FDC [ |
|

] I I I ] | I
|

Data In/Out
(DiO)
Request for Master
(RQM)

]
— ! |
WA u
AD :

!

|
i

c|D

Notes: A- Data register ready to be written into by processor.
B- Data register not ready to be written into by processor.
C- Data register ready for next data byte to be read by processor.
D- Data register not ready to be read by processor.
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Table 3. Status Register Identification

Table 3. Status Register Identification (cont)

Pin Pin
No. Name Function No. Name Function
Status Register 0 Status Register 1 (cont)
D;,Dg IC D7=0and Dg=0 Do ND During execution of Read Data, Write De-
(Interrupt Code) Normal termination of command, (NT). (No Data) leted Data or Scan command, if the FDC
Command was completed and properly ex- cannot find the sector specified in the
ecuted. IDR(2) Register, this flag is set.
D7=0and Dg=1 During execution of the Read ID command,
Abnormal termination of command, (AT). if the FDC cannot read the D field without
Execution of command was started but an error, then this flag is set.
was not successtully completed. During execution of the Read A Cylinder
Dy=1and Dg=0 command, if the starting sector cannot be
Invalid command issue, (IC). Command found, then this flag is set.
which was issued was never started. Dy NW During execution of Write Data, Write De-
D7=1and Dg=1 (Not Writable) leted Data or Format A Cylinder command,
Abnormal termination because during if the FDC detects a write protect signal
command execution the ready signal from from the FDD, then this flag is set.
FDD changed state. Dg MA It the FDC cannot detect the data address
Ds SE When the FOC completes the Seek com- (Missing Address mark or deleted data address mark, this
(Seek End) mand, this flag is set to 1 (high). Mark} flag is set. Also at the same time, the MD
Dg EC fa fault signal is received from the FDD, o (missing address mark in data field) of
(Equipment Check) i the track O signal fails to occur after 77 status register 2 is set.
step pulses (Recalibrate Command) then Status Register 2
this flag is set. Dz Not used. This bit is always 0 {low}.
D3 NR When the FDD is in the not-ready state and D oM Duri -
. A . 5 uring execution of the Read Data or Scan
(Nat Ready) a Regd or Write commandlls issued, thfs (Control Mark) command, if the FDC encounters a sector
Tlag is set. '.f a Read or ‘.””‘e cpmmanq N which contains a deleted data address
issued _to 5|d§ 1 of a single-sided drive, mark, this flag is set.
then this 129 s set D DD If the FDC detects a CRC error in the dat:
- - — 5 e etects a error in the data
Do HD This flag is used to indicate the state of the (Data Error in field then this flag is set.
(Head Address) head at interrupt. Data Field)
Dy USy This flag is used to indicate a drive unit Dy WC This bit is related to the ND bit, and when
(Unit Select 1) number at interrupt. (Wrong Cylinder) the contents of C(3) on the medium is dif-
Do USy This flag is used to indicate a drive unit ferent from that stored in the IDR, this flag
(Unit Select 0) number at interrupt. is set.
Status Register 1 D3 SH During execution af the Scan command, if
Dy EN When the FDC tries 1o access a sector be- (Scan Equal Hit) :Ihe gondltlon of “equal” is satisfied, this
(End of Cylinder) yond the final sector of a cylinder, this flag ag s set.
is set. Dy SN During execution of the Scan command, if
“This bit is al ] (Scan Not Satisfied) the FDC cannot find a sector on the cylin-
Ds Not used. This bit s always 0 (low). __ der which meets the congition, then this
D5 DE When the FDC detects a CRC(1) error in ei- flag s set.
10 figld or the data field, this flag i —— -
{Data Error) g:”he Dfield or the data field 2918 Dy BC This bit is related 1o the ND bit, and when
. - - (Bad Cylinder) the contents of C on the medium is differ-
Ds OR If the FDC is not serviced by the host sys- ent from that stored in the IDR and the con-
{Overrun) tem during data transfers within a certain tents of C is FFH, then this flag is set.
ime i I, this flag is set.
fime interval, tis flag is set Dp MDD When data is read from the medium, f the
D3 Not used. This bit is always 0 (low). (Missing Address ~ FDC cannot find a data address mark or

Mark in Data Field)

deleted data address mark, then this flag
is set.
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Table 3. Status Register Identification (cont)

Command Symbol Description

Pin
No. Name Function
Status Register 3
D7 FT This bit is used to indicate the status of the

(Fault) fault signat from the FOD.

Dg wp This bit is used to indicate the status of the
{Write Protected) write protected signal from the FDD.
Ds RY This bit is used to indicate the status of the

{Ready) ready signal from the FDD.

Dy T0 This bit is used to indicate the status of the
(Track 0) track O signal from the FDD.

D3 TS This bit is used to indicate the status of the
{Two-Side) two-side signal from the FDD.

Dsy HD This bitis used to indicate the status of the
(Head Address}) side select signal to the FDD.

Dy US4 This bit is used to indicate the status of the
(Unit Select 1) unit select 1 signal to the FDD.

Dg USy This bit is used to indicate the status of the
(Unit Select 0) unit select 0 signal to the FDO.

Note:

() CRC = Cyclic Redundancy Check

(2) IDR = Internal Data Register

(3) Cylinder (C) is described more fully in the Command Symbol
Description.

Command Sequence

The uPD765A/uPD7265 is capable of performing 15 dif-
ferent commands. Each command is initiated by a
multibyte transfer from the processor, and the result af-
ter execution of the command may also be a multibyte
transfer back to the processor. Because of this multi-
byte interchange of information between the uPD765A/
uPD7265 and the processor, it is convenient to consider
each command as consisting of three phases:

Command The FDC receives all information re-

Phase: quired to perform a particular opera-
tion from the processor.

Execution The FDC performs the operation it

Phase: was instructed to do.

Result Phase: After completion of the operation,
status and other housekeeping infor-
mation are made available to the
processor.

Table 4 shows the required preset parameters and
results for each command. Most commands require 9
command bytes and return 7 bytes during the result
phase. The “W” to the left of each byte indicates a com-
mand phase byte to be written, and an “R” indicates a
result byte. The definitions of other abbriviations used
in table are given in the Command Symbol Description
table.

6-12

Name Function

Ag Ag controls selection of main status register

(Address Line 0) (Ap=20) or data register (Ag=1).

C C stands for the current/selected cylinder

(Cylinder Number) (track) numbers 0 through 76 of the medium.

D D stands for the data pattern which is going 1o be

(Data) written into a sector.

D7-Dg 8-bit data bus, where D7 stands for a most

(Data Bus) significant bit, and Dy stands for a least
significant bit.

DIL When N is defined as 00, DTL stands for the data

(Data Length) length which users are going to read out or write
into the sector.

EQT EOT stands for the final sector number on a cylin-

(End of Track) der. During read or write operations, FDC will stop
data transfer after a sector number equal to EOT.

GPL GPL stands for the length of gap 3. During Read /

(Gap Length)

Write commands this value determines the num-
ber of bytes that VCO sync wili stay low after twe
CRC bytes. During Farmat command it deter-
mines the size of gap 3.

H H stands for head number 0 or 1, as specified in

(Head Address) 1D field.

HD HD stands for a selected head number 0 or 1and

(Head} cantrols the polarity of pin 27. (H=HD in all com-
mand words.)

HLT HLT stands for the head load time in the FDD (2 to

(Head Load Time) 254 ms in 2 ms increments).

HUT HUT stands for the head unload time after a Read
{Head Unload Time) or Write aperation has occurred (16 to 240 ms in
16 ms increments).

MF tf MF is low, FM mode is selected, and if it is high,

{FM or MFM Mode) MFM mode is selecied.

MT IF MT is high, a multitrack operation is per-

{Multitrack) formed. if MT =1 after finishing read / write oper-
ation on side 0, FDC will automatically start
searching for sector 10n side 1.

N N stands for the number of data bytes written ina

{Number) sector.

NCN NCN stands for a new cylinder number which is

(New Cylinder Number)

going ta be reached as a result of the seek opera-
tion; desired position of head.

ND
{Non-DMA Mode)

ND stands for operation in the non-DMA mode.

PCN

(Present Cylinder Number})

PCN stands for the cylinder number at the com-
pletion of Sense Interrupt Status command, posi-
tion of head at present time.

R R stands for the sector number which will be read
{Record) or written.

R/W R/W stands for either Read (R) or Write (W)
(Read / Write) signal.

SC SC indicates the number of sectors per cylinder.
(Sector)

SK SK stands for skip deleted data address mark.
(Skip)
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Command Symbol Description (cont)

Command Symbol Description (cont)

Name Function Name Function
SRT SRT stands for the stepping rate for the FDD (1to STP During a scan operation, if STP=1, the data in
(Step Rate Time) 16 ms in 1ms increments). Stepping rate applies contiguous sectars is compared byte by byte with
to all drives (FH=1ms, EH=2ms, etc.). data sent from the processor {(or DMA); and if
ST0-ST3 ST0-ST3 stands for one of four registers which STP=2, then alternate sectors are read and com-
(Status 0-3) store the status information after a command has pared.
been executed. This information is available dur- USp. USy US stands for a selected drive number 0 or 1.
ing the result phase after command execution. (Unit Select)
These registers should not be canfused with the
main status register (selected by Ap=0).
ST0-ST3 may be read only after a command has
been executed and contains information relevant
to that particular command.
Table 4. Instruction Set (Notes 1, 2)
Instruction Code
Phase RIW Dy Dg Ds Dy D3 Dy Dy Do Remarks
Read Data
Cammand W MT MF  SK V] 1] 1 1 0 Command codes
w X X X X X HD USy USy (Note 3)
w C Sector 1D information prior to command execution. The 4 bytes
W H are compared against header on floppy disk.
W R
W N
w EOT
W GPL
W DTL
Execution Data transfer between the FDD and main system
Resuit R STO Status information after command execution
R ST1
R st2
R c Sector iD information after command execution
R H
R R
R N
Read Deleted Data
Command W MT MF  SK 0 1 1 0 0 Command codes
w X X X X X HD US; U§y
W C Sector |D information prior to command execution. The 4 bytes
W H are compared against header on floppy disk.
W R
W N
W EOT
W GPL
W DTL
Execution Data transfer between the FDD and main system
Result R STO Status information after command execution
R ST1
R ST2
R C Sector 1D information after command execution
R H
R R
R N
Note:

(1) Symbols used in this table are described at the end of this section.|
(2) Apshould equal 1for all operations.
(3) X=Don't care, usually made to equal 0.
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Table 4. Instruction Set (Notes 1, 2) (cont)

Instruction Code
Phase RIW Dy Dg D5 Dy Dy D, Dy Do Remarks
Write Data
Command W MT MF 0 0 0 1 0 1 Command codes
w X X X X X HD  US; USy
w C Sector 1D information prior to command execution. The 4 bytes
w H are compared against header on floppy disk.
w R
W N
w EOT
w GPL
w DTL
Execution Data transfer between the main system and FDD
Result R STO Status information after command execution
R ST1
R ST2
R C Sector ID information after command exscution
R H
R R
R N
Write Deleted Data
Command w MT  MF 0 0 1 0 0 1 Command codes
w X X X X X HD usy  USp
W C Sector D information prior to command execution. The 4 bytes
w H are compared against header on floppy disk.
w R
w N
W EOT
w GPL
w DTL
Execution Data transfer between the FDD and main system
Result R STO Status information after command execution
R ST1
R ST2
R C Sector ID information after command execution
R H
R R
R N
Read A Track
Command w e MF  SK 0 0 0 1 0 Command codes
W X X X X X HD US; USg
w G Sector D information prior to command execution
w H
w R
w N
w EOT
w GPL
w DTL
Execution Data transfer between the FDD and main system. FDC reads all
data fields from index hole to EQT.
Result R STO Status information after command execution
R ST1
R ST2
R C Sector 1D information after command execution
R H
R R
R N
6-14
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Table 4. Instruction Set (Notes 1, 2)(cont)

Instruction Code
Phase RIW D; Dg Ds Dy D; + 73 Dy Do Remarks
Read ID
Command w 0 MF 0 0 1 0 1 0 Command codes
W X X X X X HD US; USg
Execution The first correct ID information on the cylinder is stored in data
register.
Result R STO Status information after command execution
R ST1
R ST2
R C Sector ID information read during execution phase from floppy
R H disk.
R R
R N
Format A Track
Command w 0 MF 0 0 1 1 0 1 Command codes
w X X X X X HD US; USg
W N Bytes / sector
w SC Sectors / frack
w GPL Gap3
w D Filler byte
Execution FDC formats an entire track.
Result R ST0 Status information after command execution
R ST1
R ST2
R C In this case, the 1D information has no meaning
R H
R R
R N
Scan Equal
Command w MT  MF SK 1 0 0 0 1 Command codes
w X X X X X HD USy USg
w c Sector ID information prior to command execution
w H
w R
w N
w EQT
w GPL
w STP
Execution Data compared between the FDD and main system
Result R ST0 Status information after command execution
R ST1
R ST2
R C Sector 10 information after command execution
R H
R R
R N
Note:

(1) Symbols used in this table are described at the end of this section.
{2) Ag should equal 1for all operations.
{3) X=Don'tcare, usually made to equal 0.
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Table 4. Instruction Set (Notes 1, 2) (cont)

Instruction Code
Phase RIW Dy Dg Ds Dy D3 Dy Dy Do Remarks
Scan Low or Equal
Command W MT MF SK 1 1 0 1] 1 Command codes
w X X X X X HD US; USg
w G Sector 1D information prior to command execution
W H
W R
w N
W EQT
w GPL
W STP
Execution Data compared between the FDD and main system
Resuit R ST0 Status informatian after command execution
R ST1
R ST2
R C Sector 1D information after command execution
R H
R R
R N
Scan High or Equal
Command W MT MF  SK 1 1 1 0 1 Command codes
W X X X X X HD U8y USq
w C Sector |D information prior to command execution
W H
W R
w N
W EQT
w GPL
W STP
Execution Data compared between the FDD and main system
Result R STO Status information after command execution
R ST1
R ST2
R c Sector ID information after command execution
R H
R R
R N
Recalibrate
Command w a 0 0 0 0 1 1 1 Command codes
w X X X X X 0 Usy USg
Execution Head retracted to track 0
Sense Interrupt Status
Command W il 0 0 0 1 0 0 0 Command codes
Result R STO Status information about the FDC at the end of seek aperation
R PCN
Specify
Command W 0 0 0 0 0 0 1 1 Command codes
W SRT HUT
HLT ND
Sense Drive Status
Command w a 0 0 0 0 1 0 0 Command codes
W X X X X X HD  USy USp
Result R ST3 Status information about FDD
6-16
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Table 4. Instruction Set (Notes 1, 2)(cont)

Instruction Code
Phase Ri Dy D¢ Ds Dy D3 Dy

Dy Do Remarks

Seek

Command w 0 0 0 1
w X X X X X HD

Command codes
Usy  USp

NCN

Execution

Head is positioned over proper cylinder on diskette

fnvalid

Command W Invalid Codes

Invalid Command codes (No op— FDC goes into standby state)

=

Result STO

ST0=80H

Note:

(1) Symbols used in this table are described at the end of this section.
(2) Agshould equal 1for all operations.

(3) X=Don't care, usually made to equal 0.

System Configuration

Figure 2 shows an example of a system using a
uPD765A1uPD7265.

Figure2. System Configuration
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Processor Interface

During command or result phases the main status reg-
ister (described earlier) must be read by the processor
before each byte of information is written into or read
from the data register. After each byte of data read or
written to the data register, CPU should wait for 12 us be-
fore reading main status register, bits Dg and D7 in the
main status register must be in a 0 and 1 state, respec-
tively, before each byte of the command word may be
written into the uPD765A/uPD7265. Many of the com-
mands require muitiple bytes and, as a result, the main
status register must be read prior to each byte transfer

to the uPD765A/uPD7265. On the other hand, during the
result phase, Dg and D7 in the main status register must
both be 1's (Dg =1 and D7 = 1) before reading each byte
from the data register. Note that this reading of the main
status register before each byte transfer to the
uPDT7B85A1uPD7265 is required only in the command and
result phases, and not during the execution phase.

During the execution phase, the main status register
need not be read. If the uPD765A/uPD7265 is in the non-
DMA mode, then the receipt of each data byte (if
uPD765A/uPD7265 is reading data from FDD) is indi-
cated by an interrupt signal on pin 18 (INT = 1). The gen-
eration of a read signal (RD = 0) or write signal (WR =0)
will clear the interrupt as well as output the data onto
the data bus. If the processor cannot handie interrupts
fast enough (every 13 us for the MFM mode and 27 us for
the FM mode), then it may poll the main status register
and bit D7 (RQM) functions as the interrupt signal. If a
write command is in process then the WR signal ne-
gates the reset to the interrupt signal.

Note that in the non-DMA mode it is necessary to exam-
ine the main status register to determine the cause of
the interrupt, since it could be a data interrupt or a com-
mand termination interrupt, either normal or abnormal.

If the uPD765A/uPD7265 is in the DMA mode, no inter-
rupts are generated during the execution phase. The
uPD765A/.PD7265 generates DRQs (DMA requests)
when each byte of data is available. The DMA controller
responds to this request with both a DACK = 0 (DMA ac-
knowledge) and an RD =0 (read signal). When the DMA
acknowledge signal goes low (DACK = 0), then the DMA
request is cleared (DRQ=0). If a write command has
been issued then aWR signal will appear instead of RD.
After the execution phase has been completed (terminatl
count has occurred) or the EOT sector read/written,
then an interrupt will occur (INT = 1). This signifies the
beginning of the result phase. When the first byte of
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data is read during the result phase, the interrupt is au-
tomatically cleared (INT = 0).

The RD or WR signals should be asserted while DACK is
true. The CS signal is used in conjunction with RD and
WR as a gating function during programmed |/O opera-
tions. CS has no effect during DMA operations. If the
non-DMA mode is chosen, the DACK signal should be
pulled up to Vgg.

It is important to note that during the result phase all
bytes shown in the command table (table 4) must be
read. The read data command, for example, has seven
bytes of data in the result phase. All seven bytes must
be read in order to successfully complete the Read Data
command. The uPD765A /uPD7265 will not accept anew
comand until all seven bytes have been read. Other
commands may require fewer bytes to be read during
the result phase.

The uPD765A/uPD7265 contains five status registers.
The main status register mentioned above may be read
by the processor at any time. The other four status regis-
ters (STO, ST1, ST2, and ST3) are available only during
the result phase and may be read only after completing
acommand. The particular command that has been ex-
ecuted determines how many of the status registers will
be read.

The bytes of data which are sent to the uPD765A/
uPD7265 to form the command phase and are read out
of the uPD765A /uPD7265 in the result phase must occur
in the order shown in table 4. That is, the command code
must be sent first and the other bytes sent in the pre-
scribed sequence. No foreshortening of the command
or result phases is allowed. After the last byte of data in
the command phase is sent to the uPD765A/.PD7265,
the execution phase automatically starts. In a similar
fashion, when the last byte of data is read out in the
result phase, the command is automatically ended and
the uPD765A/uPD7265 is ready for a new command.

After reset has been sent to the uPD765A/uPD7265, the
unit select fines USp and USq will automatically gointo a
polling mode. In between commands (and between step
pulses in the Seek command) the uPD765A/uPD7265
polls all four FDDs looking for a change in the ready line
from any of the drives. If the ready line changes state
(usually due to a door opening or closing), then the
uPD765A/uPD7265 will generate an interrupt. When sta-
tus register 0 (STO) is read (after Sense Interrupt Status
is issued), not ready (NR) will be indicated. The polling
of the ready line by the uPD765A/uPD7265 occurs con-
tinuously between commands, thus notifying the proc-
essor which drives are on or off line. Each drive is polled
every 1.024 ms except during the Read/Write com-
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mands. When used with a 4 MHz clock for interfacing to
minifloppies, the polling rate is 2.048 ms. See figure 3.

Figure 3. Polling Feature
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Read Data

A set of nine (9) byte words are required to place the FDC
into the read data mode. After the Read Data command
has been issued the FDC loads the head (if it is in the
unloaded state), waits the specified head settling time
(defined in the Specify command), and begins reading
1D address marks and ID fields. When the current sector
number (R) stored in the ID register (IDR) compares with
the sector number read off the diskette, then the FDC
outputs data (from the data field) byte-to-byte to the
main system via the data bus.

After completion of the read operation from the current
sector, the sector number is incremented by one, and
the data from the next sector is read and output on the
data bus. This continuous read function is called a
multi-sector read operation. The Read Data command
may be terminated by the receipt of a terminal count sig-
nal. TC should be issued at the same time that the
DACK for the last byte of data is sent. Upon receipt of
this signal, the FDC stops outputting data to the proces-
sor, but will continue to read data from the current sec-
tor, check CRC {cyclic redundancy count) bytes, and
then at the end of the sector terminate the Read Data
command. The amount of data which can be handled
with a single command to the FDC depends upon MT
(multi-track), MF (MFM/FM), and N (number of bytes/
sector). Table 5 shows the transfer capacity.

The “multi-track” function (MT) allows the FDC to read
data from both sides of the diskette. For a particular cyl-
inder, data will be transferred starting at sector 1, side 0
and completing at sector L, side 1(sector L = last sector
on the side). Note, this function pertains to only one cyl-
inder (the same track) on each side of the diskette.

When N =0, then DTL defines the data length which the
FDC must treat as a sector. If DTL is smaller than the
actual data length in a sector, the data beyond DTL in
the sector is not sent to the data bus. The FDC reads
(internally) the complete sector performing the CRC
check and, depending upon the manner of command
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termination, may perform a multi-sector read operation.
When N is non-zero, then DTL has no meaning and
should be set to FFH.

Table 5. Transfer Capacity

Multi- MFM{ Bytes!  Maximum Transfer Capacity Final Sector

Track FM  Sector (Bytes/Sector] Read from

MT MF N {Number of Sectors) Diskettes
1] 0 00 (128) (26) = 3,328 26 at side 0
i) 1 01 (256) {26) = 6,656 or 26 at side 1
1 0 00 (128) {52) = 6,656 26 at side 1
1 1 01 (256) (52) = 13,312
0 0 01 (256) (15) = 3,840 15 at side 0
o] 1 02 (512)(15) = 7,680 or 15 at side 1
1 0 01 (256) (30) = 7,680 15 at side 1
1 1 02 (512) (30) = 15,360
V] 0 02 (912)(8) = 4,096 8 at side 0
1] 1 03 (1024) (8) = 8,192 or 8 at side 1
1 0 02 (512) (16) = 8,192 8 at side 1
1 1 03 (1024) (16) = 16,384

At the completion of the Read Data command, the head
is not unloaded until after head unload time interval
{specified in the Specify command) has elapsed. If the
processor issues another command before the head un-
loads then the head settling time may be saved between
subsequent reads. This time out is particularly valuable
when a diskette is copied from one drive to another.

If the FDC detects the index hole twice without finding
the right sector, (indicated in “R”), then the FDC sets the
ND (No data) flag in status register 1 to a 1 (high), and
terminates the Read Data command. (Status register O
also has bits 7 and 6 set to 0 and 1, respectively.)

After reading the ID and data fields in each sector, the
FDC checks the CRC bytes. If a read error is detected
(incorrect CRC in ID field), the FDC sets the DE (data er-
ror) flag in status register 1to a 1(high), and if a CRC error
occurs in the data field, the FDC also sets the DD (data
error in data field) flag in status register 2 to a 1 (high),
and terminates the Read Data command. (Status regis-
ter 0 also has bits 7 and 6 set to 0 and 1, respectively.)

If the FDC reads a deleted data address mark off the
diskette, and the SK bit (bit D5 in the first command
word) is not set (SK = 0), then the FDC sets the CM (con-
trol mark) flag in status register 2 to a 1(high), and termi-
nates the Read Data command, after reading all the
data in the sector. If SK=1, the FDC skips the sector
with the deleted data address mark and reads the next
sector. The CRC bits in the deleted data field are not
checked when SK=1.

During disk data transfers between the FDC and the
processor, via the data bus, the FDC must be serviced
by the processor every 27 us in the FM mode, and every
13 us in the MFM mode, or the FDC sets the OR (Overrun)

flag in status register 1to a 1 (high), and terminates the
Read Data command.

If the processor terminates a read (or write) operation in
the FDC, then the ID information in the result phase is
dependent upon the state of the MT bit and EOT byte.
Table 2 shows the values for C, H, R, and N, when the
processor terminates the command.

Functional Description of Commands

Write Data

A set of nine (9) bytes is required to set the FDC into the
write data mode. After the Write Data command has
been issued the FDC loads the head (if it is in the un-
loaded state), waits the specified head settling time (de-
fined in the Specify command), and begins reading ID
fields. When all four bytes loaded during the command
(C, H, R, N) match the four bytes of the ID field from the
diskette, the FDC takes data from the processor byte-by-
byte via the data bus and outputs it to the FDD. See
table 6.

Table 6. Command Description

Final Sector Transferred {D Information at Result Phase

NT HD to Processor [ H R N
0 0 Less than EOT NC NC R+1 NC
0 0 Equal to EOT C+1 NC R=01 NC
0 1 Less than EQT NC NC R+1 NC
0 1 Equal to EOT C+1 NC R=01 NC
1 0 Less than EQT NC NC R+1 NC
1 0 Equal to EOT NC LSB  R=01 NC
1 1 Less than EQT NC NC R+1 NC
1 1 Equal to EOT C+1 ESB R=01 NC

Note:

(1) NC(NoChange): The same value as the one at the beginning of com-
mand execution.

(2) LSB {Least Significant Bit): The least significant bit of H is comple-
mented.

After writing data into the current sector, the sector
number stored in R is incremented by one, and the next
data field is written into. The FDC continues this multi-
sector write operation until the issuance of a terminal
count signal. If a terminal count signal is sent to the
FDC it continues writing into the current sector to
complete the data field. If the terminal count signal is
received while a data field is being written then the re-
mainder of the data field is filled with zeros.

The FDC reads the 1D field of each sector and checks
the CRC bytes. If the FDC detects a read error (CRC er-
ror) in one of the ID fields, it sets the DE (Data Error) flag
of status register 1to a 1(high) and terminates the Write
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Data command. (Status register 0 also has bits 7 and 6
set to 0 and 1, respectively.)

The Write command operates in much the same man-
ner as the Read command. The following items are the
same, and one should refer to the Read Data command
for details:

Transfer capacity

EN (end of cylinder) flag

ND (no data) flag

Head unload time interval

ID Information when the processor terminates
command

¢ Definition of DTL when N = 0 and when N+#0

In the write data mode, data transfers between the proc-
essor and FDG, via the data bus, must occur every 27 us
in the FM mode and every 13 us in the MFM mode. If the
time interval between data transfers is longer than this,
the FDC sets the OR (overrun) flag in status register 1
to a 1(high) and terminates the Write Data command.
(Status register 0 also has bits 7 and 6 set to 0 and 1,
respectively.)

Write Deleted Data

This command is the same as the Write Data command
except a deleted data address mark is written at the be-
ginning of the data field instead of the normal data ad-
dress mark.

Read Deleted Data

This command is the same as the Read Data command
except that when the FDC detects a data address mark
at the beginning of a data field (and SK =0 (low)), it will
read all the data in the sector and set the CM flag in sta-
tus register 2 to a 1 (high), and then terminate the com-
mand. If SK =1, then the FDC skips the sector with the
data address mark and reads the next sector.

Read a Track

This command is similar to the Read Data command ex-
cept that this is a continuous read operation where the
entire data field from each of the sectors is read. Imme-
diately after sensing the index hole, the FDC starts read-
ing all data fields on the track as continuous blocks of
data. If the FDC finds an error in the ID or data CRC
check bytes, it continues to read data from the track.
The FDC compares the ID information read from each
sector with the value stored in the IDR and sets the ND
flag of status register 1to a 1(high) if there is no compari-
son. Multi-track or skip operations are not aliowed with
this command.

This command terminates when the number of sectors
read is equal to EOT. If the FDC does not find an ID ad-
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dress mark on the diskette after it senses the index hole
for the second time, it sets the MA (missing address
mark) flag in status register 1to a 1 (high) and terminates
the command. (Status register 0 has bits 7and 6 setto 0
and 1, respectively.)

Read ID

The Read ID command is used to give the present posi-
tion of the recording head. The FDC stores the values
from the first ID field it is able to read. If no proper ID
address mark is found on the diskette before the index
hole is encountered for the second time, then the MA
(missing address mark) flag in status register1issettoa
1 (high), and if no data is found then the ND (No data)
flag is also set in status register 1to a 1({high). The com-
mand is then terminated with bits 7 and 6 in status regis-
ter 0 set to 0 and 1, respectively. During this command
there is no data transfer between FDC and the CPU ex-
cept during the result phase.

Format a Track

The Format a Track command allows an entire track to
be formatted. After the index hole is detected, data is
written on the diskette; gaps, address marks, ID fields,
and data fields, all per the IBM System 34 (double den-
sity) or System 3740 (single density) format, are re-
corded. The particular format which will be written is
controlled by the values programmed into N (number of
bytes/sector), SC (sectors/cylinder), GPL {gap length),
and D (data pattern) which are supplied by the proces-
sor during the command phase. The data field is filled
with the byte of data stored in D. The ID field for each
sector is supplied by the processor; that is, four data re-
quests per sector are made by the FDC for C (cylinder
number), H (head number), R (sector number}, and N
(number of bytes/sector). This allows the diskette to be
formatted with nonsequential sector numbers, if
desired.

The processor must send new values for G, H, R, and N
to the uPD765A/PD7265 for each sector on the track. If
FDC is set for the DMA mode, it will issue four DMA re-
quests per sector. if itis set for the interrupt mode, it will
issue four interrupts per sector and the processor must
supply C, H, R, and N loads for each sector. The con-
tents of the R register are incremented by 1 after each
sector is formatted; thus, the R register contains a value
of R when it is read during the result phase. This incre-
menting and formatting continues for the whole track
until the FDC detects the index hole for the second
time, whereupon it terminates the command.

If a fault signal is received from the FDD at the end of a
write operation, then the FDC sets the EC flag of status
register 0 to a 1(high) and terminates the command after
setting bits 7 and 6 of status register0to 0 and 1, respec-
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tively. Also, the loss of a ready signal at the beginning of
a command execution phase causes bits 7 and 6 of sta-
tus register 0 to be set to 0 and 1, respectively.

Table 7 shows the relationship between N, SC, and GPL
for various sector sizes.

Table 7. Sector Size

Format Sector Size N SC GPL{1) GPL{(2,3)

8” Standard Floppy

FM Mode 128 Bytes / Sector 00 1A 07 1B
256 01 OF OE 2A
512 02 08 B 3A
1024 03 04 47 8A
2048 04 02 c8 FF
4096 05 o c8 FF

MFM Mode(4} 256 01 1A OE 36
512 02 OF 1B 54
1024 03 08 35 74
2048 04 04 99 FF
4096 05 02 c8 FF
8192 06 O c8 FF

51/4” Minifloppy

FM Mode 128 Bytes / Sector 00 12 07 09
128 00 10 10 19
256 01 08 18 30
512 02 04 46 87
1024 03 02 c8 FF
2048 04 o c8 FF

MFM Mode(4) 256 01 12 DA 0C
256 01 10 20 32
512 02 08 2A 50
1024 03 04 80 Fo
2048 04 02 c8 FF
4096 05 ot c8 FF

31/2" Sony Micro Floppydisk

FM Mode 128 Bytes / Sector 0 OF 07 1B
256 1 09 OE 2A
512 2 05 18 3A

MFM Mode(4) 256 1 OF OE 36
512 2 09 1B 54
1024 3 05 35 74

Note:

(1) Suggested values of GPL in Read or Write commands to avoid
splice point between data field and 1D field of contiguous sections.
Suggested values of GPL in format command.

All values except sector size are hexidecimal.

In MFM mode FDC cannot perfarm a Read/Write/Format operation
with 128 bytes/sector. (N = 00).

@
@
(@

Scan Commands

The Scan commands allow data which is being read
from the diskette to be compared against data which is
being supplied from the main system. The FDC com-
pares the data on a byte-by-byte basis and looks for a
sector of data which meets the conditions of
DFpbp =Dprocessorr  DFDD < Dprocessor  of DFpD>
Dprocessor- The hexidecimal byte of FF either from
memory or from FDD can be used as a mask byte be-
cause it always meets the condition of the comparison.
One's complement arithmetic is used for comparison
(FF = largest number, 00 =smallest number). After a
whole sector of data is compared, if the conditions are
not met, the sector number is incremented (R + STP —
R), and the scan operation is continued. The scan opera-
tion continues until one of the following conditions oc-
cur: the conditions for scan are met (equal, low, or high),
the last sector on the track is reached (EOT), or the termi-
nal count signal is received.

If the conditions for scan are met, then the FDC sets the
SH (scan hit) flag of status register 2 to a 1(high) and ter-
minates the Scan command. If the conditions for scan
are not met between the starting sector (as specified by
R) and the last sector on the cylinder (EOT), then the
FDC sets the SN (scan not satisfied) flag of status regis-
ter 2to a1(high) and terminates the Scan command. The
receipt of a terminal count signal from the processor or
DMA controller during the scan operation will cause the
FDC to complete the comparison of the particular byte
which isin process and then to terminate the command.
Table 8 shows the status of bits SH and SN under vari-
ous conditions of Scan.

Table 8. Scan Conditions

Status Register 2
Command Bit2=SN Bit3=SH Comments
Scan Equal 0 1 Drpp = Dprocessor
1 0 Drpp#Dprocessor
Scan Low or 0 1 Drpp = Dprocessor
Equal
a 0 0 Do < Dprocessor
1 0 Drpo> Dprocessar
Scan High or 0 1 Drpp=Dprocessor
Equal
g 0 0 Drpp > Dprocessor
1 0 Drpp < Dprocessor

If the FDC encounters a deleted data address mark on
one of the sectors (and SK =0), then it regards the sec-
tor as the last sector on the cylinder, sets the CM (con-
trol mark) flag of status register 2 to a 1 (high) and
terminates the command. If SK =1, the FDC skips the
sector with the deleted address mark and reads the next
sector. in the second case (SK = 1), the FDC sets the CM
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(control mark) flag of status register 2 to a 1(high) in or-
der to show that a deleted sector has been encountered.

When either the STP (contiguous sectors =01, or alter-
nate sectors=02) sectors are read or the MT (multi-
track) is programmed, it is necessary to remember that
the last sector on the track must be read. For example, if
STP=02, MT =0, the sectors are numbered sequen-
tially 1 through 26 and the Scan command is started at
sector 21, the following will happen: sectors 21, 23, and
25 will be read, then the next sector (26) will be skipped
and the index hole will be encountered before the EOT
value of 26 can be read. This will result in an abnormal
termination of the command. if the EOT had been set at
25 or the scanning started at sector 20, then the Scan
command would be completed in a normal manner.

During the Scan command, data is supplied by either
the processor or DMA controller for comparison against
the data read from the diskette. in order to avoid having
the OR (overrun) flag set in status register 1, it is neces-
sary to have the data available in less than 27 us (FM
mode) or 13us (MFM mode). If an overrun occurs, the
FDC ends the command with bits 7 and 6 of status reg-
ister 0 set to 0 and 1, respectively.

Seek

The read/write head within the FDD is moved from cylin-
derto cylinder under controi of the Seek command. FDC
has four independent present cylinder registers for
each drive. They are cleared only after the Recalibrate
command. The FDC compares the PCN (present cylin-
der number) which is the current head position with the
NCN (new cylinder number), and if there is a difference,
performs the following operations:

PCN < NCN: Direction signal to FDD set to a 1 (high),
and step pulses are issued. (Step in)

PCN>NCN: Direction signal to FDD set to a O (low),
and step pulses are issued. (Step out)

The rate at which step pulses are issued is controlled by
SRT (stepping rate time) in the Specify command. After
each step pulse is issued NCN is compared against
PCN, and when NCN = PCN, the SE (seek end) flag is
set in status register 0 to a 1(high), and the command is
terminated. At this point FDC interrupt goes high. Bits
DoB-D3B in the main status register are set during the
seek operation and are cleared by the Sense Interrupt
Status command.

During the command phase of the seek operation the
FDC is in the FDC busy state, but during the execution
phase it is in the non-busy state. While the FDC is in the
non-busy state, another Seek command may be issued,
and in this manner parallel seek operations may be
done on up to four drives at once. No other command
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can be issued for as long as the FDC is in the process of
sending step pulses to any drive.

If an FDD is in a not ready state at the beginning of the
command execution phase or during the seek opera-
tion, then the NR (not ready) flag is set in status register
0 to a 1 (high), and the command is terminated after
bits 7 and 6 of status register 0 are set to 0 and 1,
respectively.

If the time to write three bytes of Seek command ex-
ceeds 150 us, the timing between the first two step
pulses may be shorter than set in the Specify command
by as much as 1ms.

Recalibrate

The function of this command is to retract the read/
write head within the FDD to the track 0 position. The
FDC clears the contents of the PCN counter and checks
the status of the track 0 signal from the FDD. As long as
the track 0 signal is low, the direction signal remains 0
(low) and step pulses are issued. When the track O sig-
nal goes high, the SE (seek end) flag in status register 0
is set to a 1(high) and the command is terminated. If the
track O signal is still low after 77 step pulses have been
issued, the FDC sets the SE {(seek end) and EC (equip-
ment check) flags of status register 0 to both 1s (highs)
and terminates the command after bits 7 and 6 of status
register 0 are set to 0 and 1, respectively.

The ability to do overlapping Recalibrate commands to
multiple FDDs and the loss of the ready signal, as de-
scribed in the Seek command, also applies to the Reca-
librate command. If the diskette has more than 77
tracks, then Recalibrate command should be issued
twice, in order to position the read/write head {o the
track 0.

Sense Interrupt Status

An interrupt signal is generated by the FDC for one of
the following reasons:
(1} Upon entering the result phase of:
(a) Read Data command
(b) Read a Track command
(¢) Read ID command
(d) Read Deleted Data command
(e) Write Data command
() Format a Cylinder command
(g) Write Deleted Data command
(h) Scan commands
(2) Ready line of FDD changes state
(3) End of Seek or Recalibrate command
{4) During execution phase in the non-DMA mode

Interrupts caused by reasons 1and 4 above occur during
normal command operations and are easily discernible
by the processor. During an execution phase in non-
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DMA mode, DBs in the main status register is high.
Upon entering the result phase this bit gets cleared.
Reasons 1 and 4 do not require Sense Interrupt Status
commands. The interrupt is cleared by reading/writing
data to the FDC. Interrupts caused by reasons 2 and 3
above may be uniquely identified with the aid of the
Sense Interrupt Status command. This command, when
issued, resets the Interrupt signal and, viabits 5,6, and 7
of status register 0, identifies the cause of the interrupt.
See table 9.

Table 9. Interrupt Status

Seek End Interrupt Code
Bit5 Bité Bit7 Cause
0 1 1 Ready line changed state,
either polarity
1 1} 0 Normal termination of Seek or
Recaiibrate command
1 1 0 Abnormal termination of Seek

or Recalibrate command

The Sense Interrupt Status command is used in con-
junction with the Seek and Recalibrate commands
which have no result phase. When the disk drive has
reached the desired head position the uPD765A/
uPD7265 will set the interrupt line true. The host CPU
must then issue a Sense Interrupt Status command to
determine the actual cause of the interrupt, which could
be seek end or a change in ready status from one of the
drives. A graphic example is shown in figure 4.

Figure 4. Seek, Recalibrate, and Sense Interrupt Status

Specify

The Specify command sets the initial values for each of
the three internal timers. The HUT (head unload time)
defines the time from the end of the execution phase of
one of the Read/Write commands to the head unload
state. This timer is programmable from 16 to 240ms in
increments of 16ms (01=16ms, 02=32ms...
OFH = 240 ms). The SRT (step rate time) defines the time
interval between adjacent step pulses. This timer is
programmable from 1 to 16ms in increments of 1ms
(F=1ms, E=2ms, D=3ms, etc.). The HLT (head load
time) defines the time between when the head load
signal goes high and the Read/Write operation starts.
This timer is programmable from 2 to 254 ms in incre-
ments of 2ms (01=2ms, 02=4ms, 03=6ms...
7F =254 ms).

The time intervals mentioned above are a direct func-
tion of the clock (CLK on pin 19). Times indicated above
are for an 8 MHz clock; if the clock was reduced to
4MHz (minifloppy application), then all time intervals
are increased by a factor of 2.

The choice of a DMA or non-DMA operation is made by
the ND (non-DMA) bit. When this bit is high (ND = 1) the
non-DMA mode is selected, and when ND = 0 the DMA
mode is selected.

Sense Drive Status

This command may be used by the processor whenever
it wishes to obtain the status of the FDDs. Status regis-

l<——- Seek (or Recalibrate) Command ——-'4—-— Sense Interrupt Status Command —>1
|<—— Command Phase —=<— Execution Phase —-i—- Command Phase -{c— Result Phase —>|

INT : : r_l l :
[} 1 ! |
&1L LLLnur ; LT O O B W
1 J 1 ]
% LML L U un un
I | | In I I [
w1 U \f
oo | /| I 1L I
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‘EE < % < ."2-( ’EE <« ":’ ] ,:;5
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ter 3 contains the drive status information stored inter-
nally in FDC registers.

Invalid

If an Invalid command is sent to the FDC (a command
not defined above), then the FDC will terminate the com-
mand after bits 7 and 6 of status register 0 are set to 1
and O, respectively. No interrupt is generated by the
uPD765A/uPD7265 during this condition. Bits 6 and 7
(DIO and RQM) in the main status register are both 1
(high), indicating to the processor that the uPD765A/
uPD7265 is in the result phase and the contents of sta-
tus register 0 (ST0) must be read. When the processor

Figure5. Data Format(Sheet1o0f2)

reads status register 0 it will find an 80H, indicating an
Invalid command was received.

A Sense Interrupt Status command must be sent aftera
seek or recalibrate interrupt, otherwise the FDC will
consider the next command to be an Invalid command.

In some applications the user may wish to use this com-
mand as a No-Op command to place the FDC in a
standby or no operation state.

Data Format

Figure 5 shows the data transfer format for the uPD765A
and uPD7265 in various modes.

uPD7865A [FM Mode]
GAP4a [ sYnc | 1aM | GAP 1| SYNC | IDAM |C s|yic|ear2] sync DATA AM DATA Cc| GAP3 | GAP4b
40x 6x 26x 6x Y RIE[D|R]| 11x 6x o R|
FF 00 FC FF 0o FE L (D¢ c| FF 00 FBorF8 c
Index __/—\_ } Repeat N Times |
uPD7265 [FM Mode]
GAP1| SYNC [ 1DAM |€ |4 |S|N{ClGAP2 | SYNC DATA AM DATA Cc|GaP3a | GAP4
16x 6x YIp|E|lo|R 11x 6% FBorF8 (U} R [0}
FF 00 FE | L c c| FF c
Index _/__\L Repeat N Times -
uPD765A [MFM Mode]
IDAM
GAP4a | SYNC 1AM GAP1 | SYNC s c| Gap2 | sync | PATAAM c | car3 [carab
80x 12x ax 50x | d2x [ g Y[BIE|N|R| 2 12x ax . DATA H
[ 00 & | FC | 4 0 | FE L |DPic|O|c| <€ 00 F o c
index _/——\_ : Repeat N Ti {
#PD7265 [MFM Mode]
IDAM DATA AM
GAP 1 | SYNC c s c| Gap2 | syNC c | GAP3 | GaPa
H N 2 DATA o
32x | 12x ax Y|p|E|lo|R| 22« x 3x FB [ Ao
4E 00 At FE 1L c c 4E 00 A i c
index __/—\_ + Repeat N Times J|

Note: It is suggested that the user refer to the following application notes:

(1) #8 — for an example of an actual interface, as well as a “theoretical” data separator.

(2) #10 — for a well documented example of a working phase-locked loop.

6-24

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003



NEC uPD765A /7265

Figure 5. Data Format(Sheet 2 of 2)

uPD765A
Index __/—\ /¢ /T N\
Format |7GAP 4a I 1AM 1 GAP1 T D I GAP 2 1 DATA l GAP 3 l 3 I[ l GAP 4b ]
Veo SYNC \ / \ S N/ \{
WE I/" ______ _\\ e
7
uPD7265A
Index __/———\ Y /T \
l/l
Format I GAP1 ] D l GAP2 | DATA I GAP3 l D l GAP2 J Iﬂl l GAP4 I
Veo SYNC N\ /T N/ /[ _}
Note: Read WE j,_ —————— —\\ //_ —————— ;r
________ Write
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